BACKGROUND/OBJECTIVES: This study evaluated whether a mobile health (mHealth) application can instigate healthy behavioral changes and improvements in metabolic disorders in individuals with metabolic abnormalities. SUBJECTS/METHODS: Participants were divided into an mHealth intervention group (IG), which used a mobile app for 24 weeks, and a conventional IG. All mobile apps featured activity monitors, with blood pressure and glucose monitors, and body-composition measuring devices. The two groups were compared after 24 weeks in terms of health-behavior practice rate and changes in the proportion of people with health risks, and health behaviors performed by the IG that contributed to reductions in more than one health risk factor were analyzed using multiple logistic regression. RESULTS: Preference for low-sodium diet, reading nutritional facts, having breakfast, and performing moderate physical activity significantly increased in the mHealth IG. Furthermore, the mHealth IG showed a significant increase of eight items in the mini-dietary assessment; particularly, the items "I eat at least two types of vegetables of various colors at every meal" and "I consume dairies, such as milk, yogurt, and cheese, every day." The proportion of people with health risks, with the exception of fasting glucose, significantly decreased in the mHealth IG, while only the proportion of people with at-risk triglycerides and waist circumference of females significantly decreased in the control group. Finally, compared to those who did not show improvements of health risks, those who showed improvements of health risks in the mHealth IG had an odds ratio of 1.61 for moderate to vigorous physical activity, 1.65 for "I do not add more salt or soy sauce in my food," and 1.77 for "I remove fat in my meat before eating." CONCLUSIONS: The findings suggest that the additional use of a community-based mHealth service through a mobile application is effective for improving health behaviors and lowering metabolic risks in Koreans.
INTRODUCTION *
Cardiovascular diseases are the cause of approximately 20% of deaths worldwide [1] . Numerous studies have confirmed that not only the treatment of obesity, diabetes, hypertension, and hyperlipidemia with drugs, but also pre-treatment management is essential for preventing such diseases [2] . Practicing selfmanagement and maintaining a healthy lifestyle, such as healthy dietary habits and increased physical activity, are critical for managing cardiometabolic risk factors [3] [4] [5] ; furthermore, such management can lower the socioeconomic costs incurred by cardiometabolic diseases [1] .
One of the most important roles of health-care services is helping health-care consumers manage chronic disease and cardiometabolic risk factors by themselves, which is achieved through encouraging these consumers to practice healthy behaviors. Thus far, such healthcare services have been provided through face-to-face consultations with healthcare providers (e.g., physicians) [6] ; however, with limits to the hours of care and educational materials health-care providers can dispense, providing customized education and monitoring is practically difficult [7] . Further, healthcare consumers also find it difficult to practice and maintain the lifestyle-modification behaviors that they have been taught, such as maintaining a healthy diet and physical activity, quitting smoking, drinking in moderation, and managing their weight [8] . Therefore, there is a need for a new method that can continuously provide consumers with information and feedback concerning their health behaviors.
Over the past 10 years, the field of computerized health-behavior interventions has been rapidly advancing and disseminating, primarily as a result of high levels of interest in and demand for individualized medical and health management; this interest and demand has been caused by recent technical advances, aging population, and improved quality of life [9] . In addition to web-based health-behavior interventions, the rapid and wide penetration of cellphones over the past 10 years [10] has led to the introduction of mobile health (mHealth), and its effectiveness in terms of various health-behavior interventions has been investigated in previous studies [10, 11] . Specifically, mHealth is defined as a "medical and public health practice supported by mobile devices, such as mobile phones, patient-monitoring devices, personal digital assistants (PDAs), and other wireless devices" [12] . Mobile-based interventions are more beneficial than conventional face-to-face consultations, as they can provide individualized health information and management methods more frequently and continuously [13] . Interventions that involve sending patient-directed short-message-service (SMS) through mobile applications (apps) help consumers achieve their behavioral goals by providing them with information about lifestyle changes, such as healthy diets or exercise, and self-management, as well as motivating educational materials or supportive messages [14] . Innovation in mHealth services may help prevent and manage cardiovascular diseases [15] . While many studies have proven that mHealth is effective for reinforcing health behaviors [16] and self-managing obesity [17] , diabetes [18] , hypertension [19] , and cardiovascular diseases [20] , there have also been contrary reports suggesting that it is ineffective in this regard [21] [22] [23] . Despite the fact that smartphone penetration in South Korea (88%) is the highest worldwide (with the US at 75% and Europe at 80%) [24] , few studies have investigated the effects cellphone-based apps have on health management; most have only investigated ubiquitous health, such as the effects phone calls and web services [25] , hospital environments [9, 26] , and obesity management have on health [26] . Considering this, the present clinical trial aimed to evaluate whether an mHealth service app can instigate healthy behavior changes and improvements in metabolic disorders in people with metabolic abnormalities. Consequently, a 24-week study was conducted to determine whether mHealth is more effective for improving healthy behaviors and managing metabolic risk than the standard care received in public health centers.
SUBJECTS AND METHODS

Study period and participants
A total of 1,117 participants were recruited for this study (911 for the mHealth intervention group (IG) and 206 for the conventional IG). The participants who were assigned to the mHealth IG were recruited from among 1,000 individuals who had previously completed a 24-week mobile service program as part of the First-Year Public Health Center Mobile Healthcare Pilot Project, which was conducted from September 2016 to March 2017. Meanwhile, the 206 members of the conventional IG were recruited from public health centers. For this study, individuals in the conventional IG only received the face-to-face counseling services offered at public health centers, which were provided at the same time the IG was using the smartphone app.
Among those undergoing a national health examination or visiting a public health center, those who were receiving drug therapy for a chronic disease, such as hypertension or diabetes, were excluded. Those who exhibited at least one of the following five metabolic risk factors were included, according to the Adult Treatment Panel (ATP) III criteria [27] and definition of central obesity [28] : (1) fasting blood glucose (FBG) > 100 mg/dL; (2) systolic blood pressure (BP) > 130 mmHg or diastolic BP > 85 mmHg; (3) triglyceride (TG) > 150 mg/dL; (4) high-density lipoprotein (HDL) cholesterol < 40 mg/dL (men) or < 50 mg/dL (women); and, (5) waist circumference (WC) > 90 cm (men) or > 85 cm (women).
Before beginning the study, informed consent was obtained from all participants based on the basic ethical principles stipulated in the Declaration of Helsinki of 1975. The study protocol was deemed exempt from examination by the clinical examination committee of Seoul Paik Hospital of Inje University (Institutional Review Board no. IIT- IIT-2016-198) .
Method
Content of the mHealth service intervention group The mHealth service provided by public health centers was designed to provide healthy lifestyle monitoring (including self-monitoring) and counseling through a mobile app over a period of 24 weeks. After receiving an explanation about the service from a public health coordinator, the mHealth IG installed the public health center mHealth app on their smartphones and registered for membership. Activity monitors were provided to all participants, along with sphygmomanometers, glucometers, and body composition measuring devices were also provided, depending on the health risk of each participant. As part of the self-management service, the participants were instructed to sync their activity monitor with the app at least five times per week, update an exercise journal at least once per week, and upload a picture of their meals once every four weeks. In addition to the baseline, mid-term (12 weeks), and final (24 weeks) examinations and consultations at public health centers, participants received weekly individualized services related to healthy lifestyles. These services were provided by professional health management teams comprising physicians, nurses, nutritionists, and physical activity experts who monitored health information online in real-time. Monthly reports were provided in order to motivate participants to continue practicing healthy lifestyle behaviors according to records. In particular, nutritionists at the public health centers conducted intensive nutritional consultations by assessing the participants' meals based on the uploaded pictures and providing advice on balanced nutritional intake. In addition, online communities for each public health center were created on the app, which facilitated consultations regarding the practice of a healthy lifestyle and the management of health risk factors. The process of the mHealth service provided by the public health centers is shown in Fig. 1 .
A schematic diagram of the mHealth service platform is shown in Fig. 2 .
Conventional intervention group
The conventional IG received face-to-face consultations for 24 weeks, and mid-term and final assessments were performed. These participants were recruited based on the same inclusion criteria, and after classifying them according to test results, care-plans tailored to each participant's health-risk level were established. A team comprising a health manager (a health expert such as a physician or nurse), nutritionist, and certified exercise expert provided an individual or group health consultation (face-to-face; these consultations adhered to the 2011 One-Stop Health Service Consultation Manual) [29] .
Anthropometric measurements, blood pressure, and blood test
Prior to the pilot project, relevant personnel were trained in methods of performing blood tests (FBG, TG, HDL-cholesterol), anthropometric and BP measurements. Blood tests were conducted in all of the ten public health centers using the same point of care test (POCT) (LABGEOPT10, Samsung Electronics, Inc.), and BP was measured using an automated BP-measurement device for hospitals (FT-500R, Jawon Medical). The tests were conducted on three occasions: at baseline, mid-intervention (12 weeks), and post-intervention (24 weeks). The participants were instructed to fast for at least eight hours before visiting the public health centers for the tests.
Questionnaire
Participants' general characteristics and adherence to a healthy lifestyle were assessed using a questionnaire, which focused on education level, family size, intensity of physical activity, and smoking and dietary habits. The subjects were divided into the following age groups: 20's, 30's, 40's, ≥ 50's. Meanwhile, education level was categorized as senior high (≤ 12 years), college, or graduate; family size was categorized as single, two people, three people, four people, or five or more people; intensity of physical activity was categorized as almost none, a little, normal, or high; and smoking status was categorized as current smoker, ex-smoker, or non-smoker. The questionnaire was administered three times: at the baseline, mid-intervention, and post-intervention, to determine any changes in healthy lifestyle practice.
First, five basic health lifestyles were chosen: "low-sodium preference" (people who claimed to eat food with a mild or extremely low amount of salt), "read nutritional facts" (people who were knowledgeable about nutritional facts and claimed to read them when buying or choosing food products), "eat breakfast" (people who claimed to have eaten breakfast on at least five days in the previous week), "perform moderate to vigorous physical activity" (people who performed moderate physical activity, defined as at least ten minutes of activity that makes you moderately tired or short of breath, on at least five days in the previous week), and "walk" (people who walked for at least ten consecutive minutes on at least five days during the previous week).
In addition, a mini-dietary assessment was performed to assess participants' compliance to healthy diets. The questionnaire items were designed by restructuring the method presented in the 2011 One-Stop Health Service Consultation Manual [29] concerning assessing compliance to the dietary lifestyle guidelines described in the 2012 Health Exam Results Consultation Manual -Nutritional Consultation [30] . The final questionnaire comprised eight items (behaviors), and each behavior was considered practiced when it was reported as being implemented at least five times in the previous week and considered not practiced if implemented fewer than five times in the past week. For the intervention group, the questionnaire was administered through the app, while the conventional IG completed the questionnaire during their visits to the public health center on weeks 12 and 24.
Data analysis
Data from the participants who completed the 24-week program (911 in the IG and 206 in the control group) were analyzed using SAS 9.4. Results for continuous variables were presented in terms of the number of observed participants and means ± standard deviations (SD), while those for categorical variables were presented in terms of frequency and percentage. All P-values were presented to the fourth decimal point, and statistical significance was set at P > 0.05; means, standard deviations, and percentages were rounded to the nearest hundredth place. Homogeneity within the intervention and control groups was tested using Pearson's chi-square test and McNemar's test. Meanwhile, homogeneity between the intervention and control groups was tested using a 2-sample t-test for continuous variables, and Pearson's chi-square test for categorical variables. Finally, the effect of improvement in health behaviors post-intervention had on improvements in metabolic risk factors were analyzed using univariate and multiple logistic regressions.
RESULTS
General characteristics of participants
The general characteristics of the mHealth and conventional IG are presented in Table 1 . The proportions of male and female participants were similar in the mHealth IG, at 49.18% and 50.82%, respectively, but in the conventional IG, the proportion of female participants (65.53%) was more than double that of the male participants (34.47%).
Regarding highest education, the proportions of college graduates or those with higher qualifications in the mHealth and conventional IG were 71.02% and 45.15%, respectively, showing that the mHealth IG was generally more educated than the conventional IG (P < 0.0001). In both groups, the highest number of participants lived in 4-member families (41.71% in the mHealth IG, 31.55% in the conventional IG, P = 0.0392).
In regard to intensity of physical activity, the difference between the two groups was not significant (P = 0.2171). In addition, in both groups the highest proportion of participants was non-smoking (68.17% in the mHealth IG, 83.98% in the conventional intervention IG), and the difference between the 2 groups was significant (P < 0.0001). Table 2 and 3 shows the changes in health behaviors and dietary practice in the mHealth and conventional IGs after 24 weeks. The total sore of health behaviors and mini dietary assessment improved significantly only in mHealth IG (P = 0.004, P = 0.0015, respectively).
Changes in health behaviors and dietary practice after intervention for 24 weeks
Changes in health behaviors
At the baseline, practice of reading nutritional facts was significantly lower in the mHealth IG (15.81%) than in the conventional IG (25.73%) (P = 0.0007), but after 24 weeks it was significantly higher in the mHealth IG (46.10%) than in the conventional IG (28.64%, P < 0.0001). Examining within each group, practice of reading nutritional facts and low-sodium preference were found to have significantly increased in the mHealth IG after 24 weeks (P < 0.0001 and P = 0.0006, respectively), with no significant changes in the conventional IG. Values are expressed as mean ± SD or n (%). 1) Continuous values are expressed as means and standard deviations, and P-values were obtained from a 2-sample t-test. 2) Nominal variables are presented as n (%) and P-values obtained using a chi-square test.
BMI, Body Mass Index; WC, waist circumference; BP, blood pressure; FBS, fasting blood sugar; HDL cholesterol, high-density lipoprotein cholesterol. At the baseline, the practice of eating breakfast and performing moderate physical activity was lower in the mHealth IG than in the conventional IG (P = 0.0349 and P = 0.0129, respectively), but there were no significant differences between the two groups after 24 weeks (P = 0.9605 and P = 0.7449). Within each group, the practice of eating breakfast and performing moderate physical activity significantly increased in the mHealth IG after 24 weeks (P < 0.0001 and P = 0.0004, respectively), with no significant changes in the conventional IG.
The practice of walking was significantly higher in the mHealth IG (44.35%) than in the conventional IG (36.41%, P = 0.0376) at the baseline and week 24. Finally, within each group, the practice of walking was found to have significantly increased in both groups after 24 weeks (P < 0.0001 for the mHealth IG, P = 0.0063 for the conventional IG).
Changes in dietary practice
It was found that, after the 24 weeks, the practice of the eight items on the mini dietary questionnaire had increased in both groups. At week 24, the practices of "I eat at least two types of vegetables of various colors at every meal" (72.65% for the mHealth IG, 58.42% for the conventional IG) and "I consume dairy, such as milk, yogurt, and cheese, every day" (53.16% for mHealth IG, 40.59% for conventional IG) were significantly higher in the mHealth IG than in the conventional IG (P < 0.0001 and P = 0.0012, respectively).
Health behaviors 3) mHealth Intervention Group Conventional Intervention Group P-value 1) Results are presented as adjusted odds ratios with 95% CI obtained using multiple logistic regression analysis and were adjusted for factors that were determined through univariate logistic regression to be significant (Gender, moderate to vigorous physical activity, "I eat at least 2 types of vegetables of various colors at every meal," "I do not add salt or soy sauce to my food," and "I remove fat from my meat before eating,") 2) * P < 0.05, ** P < 0.01, *** P < 0.001 CI: Confidence interval 
Changes in the proportion of people with metabolic risk factors after intervention for 24 weeks
Changes in the proportion of people with metabolic risk factors after 24 weeks are shown in Table 4 . For the mHealth IG, the proportion of people with all metabolic risk factors, except FBG, significantly decreased. Only the proportion of people with at-risk TG and WC of females significantly decreased in the conventional IG. The proportion of people with at-risk FBG increased in both groups after 24 weeks. This change was significant in the mHealth IG (P < 0.0001) but not in the conventional IG.
At the baseline, the proportion of people with at-risk systolic BP, diastolic BP, and WC in males was significantly higher in the mHealth IG than in the conventional IG, but the two groups did not significantly differ at week 24. On the other hand, the proportion of female participants with at-risk HDL-cholesterol did not significantly differ between the 2 groups at the baseline (43.41% in the mHealth IG, 40.00% in the conventional IG, P = 0.4805), but at week 24, it was significantly lower in the mHealth IG (33.05%) than in the conventional IG (43.70%) (P = 0.0227).
Factors that contribute to the reduction of metabolic risk factors
Multivariate logistic regression was performed to identify the factors that contributed to lowering at least one of the five baseline metabolic risk factors (systolic/diastolic BP, FBG, TG, WC, HDL-cholesterol) after the 24-week intervention in the mHealth IG. The results are shown in Table 5 .
Gender, moderate to vigorous physical activity, "I eat at least 2 types of vegetables of various colors at every meal," "I do not add salt or soy sauce to my food," and "I remove fat from my meat before eating" were the factors with significant effects in terms of lowering at least one metabolic risk factors after univariate logistic regression analysis. The effect of each factors was analyzed and adjusted for other factors by using multiple logistic regression. The results showed that one or more metabolic risk factors had improved 1.37 times (1.05-1.80) more in women than men. Compared to the participants who did not practice healthy lifestyles, those who practice healthy lifestyles had improvement in metabolic risk factors. The odds ratios were: 1.61 for moderate physical activity (1.23-2.10, P = 0.0006), 1.65 for "I do not add salt or soy sauce to my food" (1.19-2.28, P = 0.0029), and 1.77 for "I remove fat from my meat before eating" (1.26-2.48, P = 0.0009).
DISCUSSION
This study aimed to determine whether the use of mHealth services through a mobile app is more effective than face-toface consultations for improving health behaviors and health status in Koreans with metabolic risks. Consequently, the mHealth service was indeed found to be more effective than conventional face-to-face consultations in this regard. Performing moderate physical activity, eating at least two types of vegetables at every meal, not adding salt or soy sauce to food, and removing fat from meat before eating were particularly helpful factors of improving metabolic abnormalities.
Several studies have confirmed that mHealth services effectively change behaviors, such as those relating to physical activity and dietary habits [31] . According to Payne and colleague's [11] systematic review of mobile apps used in health-behavior interventions, mobile apps are useful for changing health behaviors and are acceptable tools for consumers. In the present study, an app was used for not only recording food and/or exercise activities, but also investigating changes in knowledge and behaviors.
The assessment of health behaviors using a five-item questionnaire (three items for diet and two items for exercise) and of healthy dietary practice using an eight-item questionnaire showed that for improving behavior changes and dietary habits, the mobile app service was more effective than face-toface consultations. Whereas the conventional IG only received in-person consultation, the mobile app featured behavior change techniques, such as motivational messages, goal-setting, tailored health education/advice, self-monitoring, performance feedback, gamification, and awards and rewards. In a metaanalysis by Kelly et al. [32] , telehealth-delivered dietary interventions targeting whole food and/or dietary patterns were found to improve diet quality, fruit and vegetable intake, and sodium intake when compared to control groups. Further, a recent systematic review also reported that mobile apps are effective for improving diet, physical activity, and sedentary behavior and, consequently, preventing non-communicable diseases (NCDs) [14] . Maintaining good exercise and lifestyle habits is essential for managing metabolic risk [33] . Thus, this app can be considered useful for increasing knowledge about exercise and nutrition and for promoting behavioral changes for managing and preventing metabolic diseases.
Numerous longitudinal studies and RCTs have proven that mHealth services can lower metabolic risks by promoting lifestyle changes, such as improved exercise and diet [14] . Furthermore, previous studies have reported that using other intervention strategies in addition to mobile app interventions leads to a greater and longer effect than when using mobile app interventions alone [14] . Similarly, our study also found that health behaviors and parameters were more improved in the group of people who used the mobile app in conjunction with conventional face-to-face counseling. While the conventional IG only showed significant decreases in the proportion of people with TG abnormalities and the proportion of females with at-risk WC, the mHealth IG showed a significant reduction in all metabolic abnormalities, except FBG.
Several studies have suggested that mHealth is a good alternative to the conventional clinical management of cardiometabolic disease risk factors, mainly as a result of its accessibility and usefulness to healthcare providers and customers alike [34, 35] . Although participants, study periods, and the information and methods presented on apps have differed across studies, behavioral changes have nevertheless been found to lead to improvements in health outcomes, including body weight, BP, and cholesterol [14] . In a study that consisted of 99 Israeli adults, IG, in which they received, over a period of 14 weeks, real-time performance feedback concerning exercise and diet through a web-based app, diet quality score, and physical activity significantly increased; and body weight and body mass index (BMI) significantly decreased in IG compared with the control group [36] . Further, in Stuckey et al. [37] , a small-scale study involving 26 Canadian adults with metabolic abnormalities, it was found that after eight weeks the IG's amount of exercise increased while BMI, BP, and cholesterol levels decreased The members of the IG performed self-monitoring using data from BP monitors, glucometers, and a pedometer featured on an app and, based on this information, received tailored counseling at 4-week intervals [37] . In another study involving young Austrian adults, an IG that received information once a week using four apps (one for each behavior), showed an increase in dietary habits and exercise and a decrease in weight and BMI after 12 weeks, compared to the control group [38] . Another study showed that when information is provided less frequently and over a period of six months, the IG maintains a reduced body weight, but does not present any significant changes in terms of health behaviors [39] . Therefore, it can be speculated that motivation to practice healthy behaviors increases with the frequency with which tailored information is provided, which consequently improves health outcomes.
On the other hand, some studies found mHealth interventions not to be effective [40] . For instance, a study that examined 51 young Australian adults aged 18-35 years over 12 weeks found that using a mobile app did not lead to significant differences in diet, exercise, BP, or weight in comparison to the control group [40] . Similarly, a study on 90 Irish individuals aged 16 years or older reported that the average number of steps increased, but weight and BP remained unchanged [41] . Personalization and adaptation in real time are important factors for engaging various users [42] , and it could be speculated that studies that did not find significant effects might not have used individualized information, had low engagement [40] , or had a study period that was too short to observe improvements in health outcomes [41] .
Generally, app usage is known to markedly decrease within the first number of weeks [43, 44] ; although our study could not analyze app usage, the service was launched for 1,000 people, and 911 people continued to use the app until week 24. This suggests a longer average period of use than that shown in other studies. The higher persistence of app utilization in our study might have resulted not only from allowing the participants to perform self-management through the mobile app throughout the 24 weeks, but also from the automated management featured in the app. Automated management included weekly reports concerning health information, monthly exercise, and nutritional consultations. Other factors that may have encouraged continued use of the app include: the monthly health practice reports, the compensation (incentive) system for promoting persistent use, and tailored analysis and consultations with experts at the public health center. Incentives were provided throughout the study with rewards (mobile gift cards) given monthly for excellent users (top 10%) and souvenirs given for people who completed the 24-week program. In the future, studies should be conducted to investigate whether the altered behaviors and health outcomes observed in this study are maintained over the long-term or are further improved. In addition, although the ideal protocol for mHealth monitoring is yet to be established, developing more sophisticated and diverse mobile app programs that can provide immediate feedback would be more effective for managing cardiometabolic risks for both medical professionals and patients.
After adjusting for factors that showed significant effects, it was found that the factors that significantly improved more than one health risk factor were: the female gender, moderate physical activity, vegetable intake at every meal, low sodium in food, and reducing grease or fats in food, respectively.
Recent findings on app technologies suggest that women and younger age groups use mobile apps more frequently [45, 46] ; in our study, age was not a significant factor, but considering that risk decreased 1.37 times more in women than in men, we can speculate that women used and accepted the app more than the men.
Next, according to a meta-analysis of cohort studies, metabolic syndrome risk decreases with increased physical activity [47, 48] . This is believed to be because physical activity reduces abdominal obesity, which in turn reduces metabolic risks; this has been substantiated in some previous trials [49, 50] . Recent public health guidelines [51, 52] recommend individuals engage in at least 150 minutes of moderate physical activity or 75 minutes of vigorous physical activity per week in order to maintain good health. Despite evaluating in this study a lower amount of physical activity than public health guidelines recommend as sufficient, health risk factors decreased 1.61 times more for members of the mHealth IG than for those in the conventional IG. Nevertheless, to lower additional metabolic syndrome risks, strategies to increase moderate physical activity are needed.
Our findings concerning dietary practice are supported by the current evidence that suggests that daily intake of fruits and vegetables can lower cardiometabolic risks [53] . The rich reserve of potassium in fruits and vegetables lowers BP [54] , while fiber helps to reduce risks of obesity and overweight by increasing feelings of fullness [55] ; further, fiber also lowers BP [56] and regulates insulin [57] . In our study, eating fruit did not significantly lower risk factors; however, eating two types of vegetables at every meal lowered risks by 1.27 times. After the intervention, there were more people who began to eat an appropriate amount of vegetables than eat an appropriate amount of fruits, which may be attributable to the higher accessibility of vegetables due to their cheaper costs [58] . Research has suggested that a healthy diet that is low in fat and salt/sodium may help to prevent cardiovascular disease [59, 60] Due to the characteristics of Korean food culture, Koreans tend to consume high amounts of salt [59, 61] , and the consumption of meats, which contain a relatively high amount of saturated fatty acids and are recommended to be consumed only in small quantities, is gradually increasing in the country [60, 61] . In our study, not adding salt or soy sauce to food during consumption and removing the fats in meats before eating lowered metabolic risks by 1.65 times and 1.77 times, respectively. These 2 lifestyle habits might have made the highest contributions to lowering metabolic risks in this study because they are relatively easier to practice at every meal, requiring no altering of cooking methods or amount of intake.
There were some limitations to our study. First, this was not a randomized controlled trial. Randomization was not possible because this study aimed to investigate the effects of mHealth services in regard to improving metabolic abnormalities, using data from three public health centers as part of a national project. Nevertheless, this feature of our study may be beneficial, as our study protocol can be used to expand the entire national project. Second, this study only presents results for adults who visited public health centers and who completed the intervention, so the findings cannot be generalized to less-motivated adults. Third, we could not analyze whether behaviors and metabolic risks differ in relation to the amount of app usage. Fourth, changes in dietary and exercise habits were assessed using questionnaires, but because respondents tend to lean toward better outcomes on self-reported questionnaires [62] , the effects of the intervention in improving health behaviors may have been overestimated. Fifth, the proportions of sex that may have effect on the difference of other demographic factors were different between the two groups, but we did not stratify men and women in order to have enough statistical power.
Despite the above, to the best of our knowledge our study is the first to prove that mHealth services are effective for managing metabolic risks in public health center settings, as opposed to hospital settings, in Korea. In general, people who can monitor their health problems accept health information more readily because they feel more obliged, and are more willing, to alter their health behaviors [63] . This study was performed on individuals without disease but who had health risk factors, and we expect the effects of the intervention to be greater on people with diseases, such as diabetes, hypertension, hyperlipidemia, and cardiovascular diseases.
The findings of this study suggest that the additional use of community-based mHealth services via a mobile app is an effective method of improving health behaviors and lowering metabolic risks in Koreans. In particular, our finding that mHealth intervention improves metabolic risks by promoting changes in health knowledge and behaviors, such as dietary habits and exercise, in local communities is meaningful. Efforts to optimize the smartphone app as well as the conducting of randomized controlled clinical trials with a larger sample are needed in the future.
